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溶解作用，造成丘陵区地下水中 PO3- 4 和 SiO
2- 
3 含量相对较高。在含水层岩性、地





























的吸附作用而发生转化和移除；孔隙水中 SiO2- 3 主要受咸淡水混合作用的影响，





海排泄通量，分别为 2.06×104 m3·d-1 和 1.73×104 m3·d-1，在此基础上保守估计了
地下淡水排泄时输送入海的营养盐通量，DIN 通量为 1.59×102 kg·d-1，PO3- 4 通量



















Submarine groundwater discharge (SGD) has been become as one of the research 
focus of land-ocean interactions in coastal zone. It is an important component of 
global water cycle, and plays a great role in the budget of marine chemical material. 
Subterranean estuary (STE) is the pathway where groundwater discharge into the sea，
in this zone there exist not only mechanical mixing between groundwater and 
seawater but also many biogeochemical reactions which modify the chemical 
composition of  the water. The calculation of material flux which groundwater 
transport to the sea is not easy as expected, so studying on the spatial distribution and 
transportation pattern of each chemical components in STE are the key scientific 
problems of reasonable assessing the influence of groundwater to marine ecological 
environment. 
This study is supported by the project of submarine groundwater dischare (SGD) 
about its geochemical process, material transportation, constribution and effect to sea 
（41372242）, which belongs to the National Natural Science Foundation of China. 
The coastal area of Qianhu Bay, Zhangzhou was selected as the study area. For 
conducting this research, coastal groundwater and intertidal pore water samples were 
collected and analyzed for major anions, cations and nutrients. Based on above 
experiments, firstly the mathematical statistics and hydrogeochemical analysis method 
(such as Piper diagram, ion ratios, calculation of theoretical mixing solution and 
saturation index) were used to analyze the hydrogeochemical characteristics and 
corresponding forming processes of coastal groundwater, and discuss the 
transportation and transformation pattern of chemical components in intertidal 
salt-fresh water mixing zone. Then, Darcy’s law and water budget method were 
respectively used to estimate the water flux of groundwater discharging into the sea 
and its corresponding nutrients flux. The principal conclusions can be drawn as 
follows: 
















distribution. In the hilly land, due to high terrain, recycle condition of groundwater in 
recharging and discharging was better. The main hydrochemical type of groundwater 
was Ca·Mg-HCO3 which was mainly affected by lixiviation of aluminosilicate 
mineral. In the platform area，since declined terrain and poor permeability of 
weathered residual aquifer, circulation of groundwater was slow. The hydrochemical 
type of groundwater was dominated by Ca-Cl which presented the transitional feature. 
In coastal plain, groundwater flew slowly with flat topography. The hydrochemical 
type of groundwater became Na-Cl and its chemical components were 
comprehensively affected by lixiviation, evaporation and mixing with seawater.  
(2) Nutrients content in groundwater were mainly impacted by anthropogenic 
activities. Because farmlands were mainly distributed on the coastal plain, higher 
content of NO- 3, NH
+ 
4  and PO
3- 
4  in groundwater was influenced by artificial fertilizer 
and infiltration of irrigation water. In addition, due to weathering dissolution of 
mineral (aluminosilicate and apatite), the content of PO3- 4 and SiO
2- 
3  in groundwater of 
hilly land was higher. Under the combined effects of hydrogeological conditons like 
aquifer lithology and groundwater occurrence, 222Rn concent in groundwater of hilly 
land was significantly higher than that of coastal plain. 
(3) In the intertidal zone, terrestrial fresh groundwater presented two different 
discharging ways: seepage and spring. Groundwater seepage was distributed near the 
high tide, and before fresh groundwater discharged to sea, it mixed with seawater. So 
in addition to mechanical mixing between groundwater and seawater, variation of 
major ions in the intertidal pore water was affected by cation exchange, dissolution 
and precipitation of mineral. The study found that in the salt-fresh water mixing zone 
there exist not only exchange between Ca2+, Mg2+ in groundwater and Na+ in soil 
particles, but also calcite, aragonite, gypsum dissolution and dolomite precipitation. 
(4) Higher NO- 3 content in the intertidal pore water was mainly from terrestrial 
fresh groundwater which was affected by anthropogenic activities.Because of mixing 
dilution of seawater, NO- 3 content decreased with increasind salinity. NH
+ 
4  and PO
3- 
4  
in pore water showed non-conservative input in different level when fresh 
















organic matter which was transported into intertidal zone by seawater. However, NO- 3 
and PO3- 4  in the vertical section would be respectively transformed and reduced by 
nitrification and sorption onto negatively charged clays. SiO2- 3  in pore water was 
mainly from the input of inland fresh groundwater and aquifer weathering. 
(5) Compared with chemical evolution and formation of groundwater from land to 
sea, submarine sping showed unique chemical characteristics and flowing pathway. It 
was inferred that formation of submarine spring was the deep bedrock fissure water in 
the hilly land flew along the fault zone and finally discharged to intertidal zone 
through unconsolidated sediment with high water pressure. 
(6) The fluxes of groundwater discharge were respectively estimated by Darcy’s 
law and water budget method to be 2.06×104 m3·d-1 and 1.73×104 m3·d-1. The 
conservative estimations of nutrients flux to northern Qianhu Bay were DIN：
1.59×102 kg·d-1；PO3- 4 ：0.64 kg·d-1；SiO
2- 
3 ：6.45×102 kg·d-1. Because groundwater 
which was polluted by anthropogenic activities discharge to the sea, the high flux of 
inorganic nitrogen with SGD would have an impact on the coastal ecological 
environment. 
 
Keywords: hydrogeochemistry; submarine groundwater discharge; subterranean 
























部分组成：海底地下淡水排泄（Submarine Fresh Groundwater Discharge, SFGD）
和再循环咸水排泄（Recirculated Saline Groundwater Discharge, RSGD）[3]。 
 
 
图 1.1 海底地下水排泄相关过程示意图[3] 


































大约为 2400 km3，约占河流径流入海通量的 6 %[2]。运用水文基流分割原理，计
算全球范围内地下水输入河流的流量，并假设该流量与在相同水文地质条件下的
地下水入海量相似，从而估算了全球的地下淡水入海量为 2200-2400 km3·y-1，是




异性，各地 SGD 入海通量存在很大的区别。 
 
 
图 1.2 全球关于海底地下水排泄的研究分布[6] 
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